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Abstract— Dynamic Line Rating (DLR) is a state-of-the-art 

technology to adjust the transmission capacity of power lines to 

the actual weather conditions. DLR methodology is based on the 

thermal equilibrium of the conductors, thus the temperature of 

the conductors is also can be calculated.  With the use of weather 

forecast by DLR, the critical wire temperature can be forecasted. 

So, the model is able to identify when the conditions are 

appropriate for ice formation. 

The aim of this paper is to demonstrate a hybrid ice prediction 

and prevention model for overhead lines. This model 

distinguishes three different ice types – hard rime, wet snow, 

glaze – during the prediction of ice accretion possibility. If the 

environmental factors and the conductor temperature jointly 

allow ice formation on the conductors, the preventive 

Joule-heating current is calculated with the use of DLR method. 

Accordingly, the system operators should be informed by the 

implementation of hybrid model to take preventive steps against 

ice accretion, which offers a lot of benefit considering the 

economic and technological way, too. 

Keywords— overhead line, dynamic line rating, DLR, ice 

prediction, ice prevention, hybrid model  

I. INTRODUCTION 

The major issue of domestic and international electricity 

systems are the maintenance of operational safety and the 

availability of electricity. Due to the increasing energy 

demand and the integration of renewable energy sources into 

the electricity system, increasing the transmission capacity of 

power lines is playing a central role in developing and 

implementing the network operation strategy of system 

operators. Among the technologies applicable to this question, 

it is important to emphasize the method of dynamic line rating 

(DLR), which provides a cost-efficient solution for the higher 

utilization of the transmission network capacity. With DLR 

technology not only the power transmitted through the 

overhead lines can be increased significantly, but the 

operational safety also can be enhanced by preventive 

re-dispatching actions, according to the calculations based on 

real-time environmental factors. 

Another important aspect of improving operational safety 

is predicting the risks posed by extreme weather conditions 

and implementing measures to avoid them. In the case of high-

voltage power lines, this means the thermal overload of the 

conductors and the possibly dangerous mechanical overload 

of the structures caused by the extra mechanical load. The 

extra-load caused by ice accreted on the conductors depending 

on the ice type and adhesion, therefore the handling and 

modelling of these processes require different procedures [1]. 

The aim of my paper is to present an expert system model, 

which is able to realize a complex power line monitoring 

system by integrating the dynamic line rating calculation 

method and icing models. The purpose of the expert system is 

to be able to determine the real-time temperature of the 

conductors, taking into account the specialities of the given 

transmission line, and to predict the risks posed by extreme 

weather conditions. In addition, preventive interventions can 

be planned by transmission system operators (TSOs) to 

maintain operational safety, based on the preventive heating 

current determined by the hybrid model. 

II. TEMPERATURE TRACKING CALCULATION OF PHASE WIRES 

Dynamic line rating technology is based on the thermal 

modelling of the phase wires. The thermal equilibrium of the 

conductors can be solved according to the heating and cooling 

effects of the environmental factors, which keeps heat balance 

with the Joule-heating effect of the actual load of the line.  

The importance of the practical use of conductor 

temperature calculations in extreme weather conditions and 

extreme energy production conditions comes from the 

possibility to predict and avoid thermal risks on the 

transmission line [2], [3]. 

A. Calculation method 

During the calculation of the temperature of the 

transmission line conductors, an initial value problem should 

be solved first, where the conductor temperature must be 

determined in an iterative way, according to (1). 

 𝑃𝐽(𝑇, 𝐼) + 𝑃𝑆 − 𝑃𝑐(𝑇) − 𝑃𝑟(𝑇) − 𝑃𝑒(𝑇) = 𝜀 ≅ 0 (1) 

where PJ [W/m] is the Joule-heating effect, PS [W/m] is the 

heating effect of solar radiation, Pc [W/m] is the convective 

cooling effect, Pr [W/m] is the radiative cooling effect and Pe 

[W/m] is the evaporation cooling. 

Then, the real-time temperature of the conductors can be 

calculated based on the time time-dependent transient 

temperature tracking, which gives the ∆T temperature change 

during ∆t time period. With this method, the effect of 

continuously changing environmental parameters on the phase 

wires’ temperature can be monitored, with the consideration 

of the time constant of the conductor, according to (2). 

 
𝑚 ∙ 𝐶𝑝 ∙

𝑑𝑇𝑎𝑣
𝑑𝑡

= 𝑃𝐽 + 𝑃𝑆 − 𝑃𝑐 − 𝑃𝑟 − 𝑃𝑒  (2) 

where m [kg/m] is the mass of the conductor, Cp [J*kg/°C] 

is the specific heat capacity of the conductor, dTav [°C] is the 

average conductor temperature, dt [s] is the time period, PJ 

[W/m] is the Joule-heating effect, PS [W/m] is the heating 

effect of solar radiation, Pc [W/m] is the convective cooling 

effect, Pr [W/m] is the radiative cooling effect and Pe [W/m] 

is the evaporation cooling. 

The presented calculation method takes into account the 

cooling effect of the precipitation, which is an extension 

compared to international DLR models, like Cigre or IEEE 

methods [2], [4]. 
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B. Case study 

With temperature tracking calculation it is able to 

determine the actual temperature of the conductors based on 

weather stations real-time data and with the use of the actual 

load of the line, which can be acquired from TSOs’ SCADA 

system. On the other hand, if weather forecast and generation 

schedule is available, the conductors’ temperature can be 

determined ahead. Therefore, it can be evaluated in real-time 

or ahead if the phase wires temperature below the critical 

temperature, thus the ice formation is capable or not. 

 

 

Fig. 1 Conductor temperature tracking calculation result 

Fig. 1 shows a case study for temperature tracking 

calculation at a January day, based on a 110 kV line’s data 

equipped with two weather stations and four line monitoring 

sensors. It can be seen how accurate can be working the phase 

wires’ temperature calculation, compared to a line monitoring 

sensor’s measurement results, whose deviation is ±2 °C. The 

critical temperature is also marked on Fig. 1 with red, on 

which based the period can be determined, when the 

conductor temperature is low enough for ice formation. 

III. ICE MODELLING ON POWER LINES 

In addition to the geometry of the conductor, local weather 

parameters like precipitation, ambient temperature, wind 

speed and wind direction or the humidity of the air play central 

role in the formation of ice sleeve on the surface of the power 

line conductors.  

A. Ice types 

According to the above-mentioned parameters – which 

determine the structural properties of the resulting ice layer – 

three different ice type can be distinguished, which has high 

density and appropriate adhesion to cause dangerous extra 

mechanical load: 

• wet snow, 

• glaze, 

• hard rime. 

Wet snow mostly forms under snowing conditions besides 

ambient temperature between -0.5 °C and 2 °C. In case of wet 

snow, ice formation can occur if a minimum 10 mm of 

precipitation falls during the icing event. This type of ice is 

characterized by a high density, which can reach up to 850 

kg/m3. The adhesive strength of the ice layer is determined by 

the moisture content of the snow. 

 Glaze can accrete as a result of freezing rain, resulting a 

transparent layer of ice on the surface of the conductor. From 

the point of view of the icing on power lines, this type of ice 

occurs with the highest density, which can reach up to 900 

kg/m3. The adhesion of glaze is also the highest, thus the 

removal if it is also difficult. 

Dangerous hard rime on power lines can occur during a 

collision of a supercooled water droplets in the air, which then 

freezes on the wires. Considerable hard rime formation 

requires high droplet size with long freezing time. The 

maximum density of this type of ice can reach 700 kg/m3 [2], 

[5]. 

B. Ice prediction model 

For ice types presented in II. A., prediction can be given 

based on environmental parameters and conductor 

temperature calculated according to the transmission line load. 

Accordingly, the expected ice type can be determined, then 

the radius of the ice layer and the extent of mechanical extra 

load caused by it also can be calculated. 

Ice prediction model considers the ambient temperature, 

relative humidity, precipitation type and intensity, and also the 

temperature of the conductors in order to determine the 

expected ice type, which can be one of the following 

categories: 

• ice formation is not expected, 

• wet snow, 

• mixture of wet snow and glaze, 

• glaze, 

• mixture of glaze and hard rime, 

• hard rime. 

Ice mostly forms, when the temperature of the conductors 

less than 2 °C (extremely high freezing rain intensity can cool 

down the conductors immediately, which needs to set the 

critical temperature higher), however due to the deviation of 

the model used for temperature tracking calculation, this 

threshold value normally set to 3 °C. In this case it appears as 

a safety factor, while it can also increase the number of false 

alarms. Furthermore, it can be adjusted to system operators’ 

suggestions, according to the combination of undertaken risk 

and probability of false alarms. 

The operation of ice prediction system shown in Fig. 2. 

 

 

Fig. 2 Operation of ice prediction system [2] 

where Tcond [°C] is the conductor temperature, Tamb [°C] is 

the ambient temperature, Iprec [mm/h] is the precipitation 

intensity and RH [%] is the relative humidity [2]. 
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C. Ice accretion models 

The structure of the ice sleeve deposited on the power line 

conductor largely depends on the type of precipitation, which 

through several parameters as water droplets / snowflakes 

velocity and mass concentration, accretion efficiency, 

collision efficiency, sticking efficiency affected the forming 

ice sleeve. Therefore, the ice layer will be formed in different 

ways in case of different ice types, so the calculation of the 

thickness of the ice sleeve, as well as the extra mechanical 

load caused by it, should be done in different ways. For this 

purpose, several international models exist, of which 

presented here, that model input parameters in accordance 

with the weather parameters used to DLR calculations. 

Therefore, the ice accretion models along the ice prediction 

model can be integrated into the DLR system. Hence, this 

article only provides a brief overview of these models. 

Ice layer formed by wet snow may form on the surface of a 

conductor if the precipitation exceeds 10 mm during the icing 

event. The thickness of the wet snow ice layer and the caused 

extra mechanical load can be determined according to 

Lacavalla et al. This model takes into account the precipitation 

intensity, the wind speed and the angle between the wind 

direction and conductor [6], [7], [8], [9]. 

Glaze ice can form on the conductors if the precipitation 

comes from freezing rain. The radius of the ice sleeve can be 

calculated with Pytlak et al. model. The extra mechanical load 

can be determined according the volume of the ice sleeve and 

the density of tis ice type. Pytlak et al. model considers the 

precipitation intensity and wind speed during the calculation 

[10]. 

An ice layer caused by hard rime can develop if the clouds 

located near to the ground – at the height of the phase wires –, 

the effect of which the supercooled droplets precipitates on the 

surface of the conductors. In this case the thickness of the ice 

sleeve can be calculated according Shao et al., which model 

takes into account ambient temperature and effective wind 

speed, which is perpendicular to the conductor [11]. 

D. DLR-based anti-icing technique 

 The essence of the preventive technology based on the 

DLR thermal method is that it requires intervention before the 

start of the icing process, so the conductors are heated to a 

temperature that cannot form ice layer. Generally, this strategy 

is more efficient in terms of energy management than de-icing 

techniques, as less dissipated heat is required to keep the 

temperature of the phase wires above + 2 °C – which is the 

thermal limit of ice formation – as for melting the existing ice 

layer. 

In case of DLR-based anti-icing technique, the first step is 

to estimate the likelihood of ice formation by using the ice 

prediction model based on weather forecasts’ parameters as 

ambient temperature, wind speed, wind direction, 

precipitation intensity, humidity. This also requires 

forecasting the load of the power lines, which can be predicted 

with great accuracy on the basis of the generation schedules 

used for the organization of the electricity market. Thus, if the 

weather forecast and load forecasting are available together, 

the conductor temperature can also be predetermined using the 

temperature tracking calculation method. It is important to 

note that in this case the application of the extended physical 

model – which also takes into account the cooling effect of the 

precipitation during the determination of the conductor 

temperature – plays a prominent role, since in some cases the 

cooling effect caused by the precipitation may lead to the 

reduction of the temperature of the conductor below the 

critical level. 

All in all, if the appropriate weather and load data are 

available, the use of the techniques described in II. and III.B. 

can be used to predict the ice accretion on overhead line 

conductors. Then to required heating current can be 

determined by dynamic line rating method for +2 °C (or above 

for safety reasons) conductor temperature [2]. 

The application of the method for a 110 kV single-circuit 

power line is illustrated in Fig. 3, where the critical 

temperature is selected to 3 °C, using a safety margin of 1 °C. 

 

Fig. 3 Operation of DLR-based anti-icing technique 

The conductor temperature calculated with temperature 

tracking calculation is marked with blue in Fig. 3, while the 

actual load of the line marked with orange. The dashed yellow 

line shows the required anti-icing current to raise the 

conductor temperature to 3 °C. Therefore, the difference of the 

dashed yellow and orange curves means the required surplus 

current to heat the conductor above the critical temperature. 

Based on the case study it can be stated that the method 

provides a practicable opportunity for the preventive heating 

of the phase wires. The static line rating of the presented 

transmission line is 645 A, which is not exceeded by the anti-

icing current, so the static rating of the current transformers 

and other network elements does not limit the generation of 

the necessary preventive current. On the other hand, the 

required heating current can be achieved according to the 

varying the position of transformers’ tap changer in the 

substations. In this case, the temperature of the conductors can 

be increased throughout the whole day, which increases the 

total daily conductor temperature, thereby significantly 

reducing the risk of icing. 

E. Case study 

To illustrate the operation of ice prediction and also 

accretion models a case study presented here for a Central 

European 110 kV single circuit transmission line located in 

hilly terrain and equipped with 240/40 mm2 ACSR conductors. 

According to the 24 h weather forecast, the ice prediction 

model can be applicated to determine the possibility of ice 

formation on the line.  

During the day at 18 January 2019 a total precipitation rate 

around 30 mm was forecasted with an average ambient 

temperature around 0 °C, which is appropriate for ice 

formation. As the generation schedule was not available and 

according to the historical load data, the conductor 

temperature considered below 2 °C during the icing event.  
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According to the ice prediction model a mixture of wet 

snow and glaze was expected. Then the ice accretion models 

predicted ice layer with 9-11 mm thickness for the different 

weather forecast grid points. An example for the ice accretion 

depending on the precipitation rate illustrated in Fig. 4.   

 

Fig. 4 Ice formation on OHL’s conductor  

There are four line monitoring sensors installed on the 

transmission line, which equipped with camera, thus the ice 

formation on the conductors can be monitored in real-time as 

it can seen in Fig. 5. 

 

Fig. 5 Ice formation on OHL’s conductor monitored with sensor [12] 

Fig. 5 shows a thin snow layer on the conductor, insulator, 

tower and jumper. Based on the field image, the model 

predicted ice accretion properly, however, the quantitative 

analysis of ice accretion models requires further analysis and 

validation. 

IV. CONCLUSIONS 

This paper presented a complex model for monitoring ice 

accretion on overhead lines. Dynamic line rating (DLR) 

technology offers a method to determine the transmission 

capacity of power lines by knowing the environmental 

parameters, through the thermal modelling of the conductors. 

Therefore, it is possible to extend DLR technique to predict 

ice formation on power lines by using the same environmental 

parameters. The presented ice prediction model forecasts the 

ice formation likelihood, on which based the accreting ice can 

be classified. 

Then the ice accretion models outlined in the international 

literature can be used to determine the thickness of ice layer 

and also the extra mechanical load caused by it. Depending on 

the risk level of the icing event according to the foregoing 

calculation, the intervention can be decided by system 

operators. One of the interventions is the anti-icing technique, 

which offers a preventive action against ice accretion. 

Anti-icing can be realized based on DLR calculation method 

as it described in the article.  

All in all, a complex hybrid model was presented with case 

studies, which not only able to predict the ice formation on 

high voltage overhead lines, but the protection against the ice 

accretion on phase wires is also can be calculated with this 

method. 
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